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Receipt of your request to modify the decision which approved the
Sunrise dump in acknowledged. The amendment is approved with the
following requirement to reduce erosion on the 2:1 dump slope.

1. TImmediately following application of topsoil to the dump all
2:1 slopes are to have nylon netting or a similar erosion control
product placed on the topsoil. The netting is to be fastened to
the dump in a manner which insures that the netting stays in
contact with the topsoil.

2. Following placement of the netting, the dump is to be
hydromulched. The hydromulching is to be completed while the soil

is still loose, i.e. within a few days of topsoil application in
the fall.

s Reclamation of the upper dump slope is to be accomplished
concurrently with mining as soon as feasible.

You have the right to appeal to the Utah State Director,
Bureau of Land Management in accordance with 43 CFR
3809.4. If you exercise this right, your appeal,
accompanied by a statement of reasons and any arguments
you wish to present which would justify reversal or
modification of the decision, must be filed in writing
at this office within 30 days after the date of this
decision. This decision will remain in effect during
appeal unless a written request for a stay is granted.

OEANE H. ZE:LLER

Deane H. Zeller
District Manager

cc: Wayne Hedberg



o ‘ e g
BARRICK MERCUR GOLD MIN%A

s ‘,d’ . ,
September 21, 1989 gL%G?R gﬁg@iﬁ zg

FECC

SEP 27 1989
Mr. Deane H. Zeller
District Manager i DM*\"’CNOF
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Bureau of Land Management
Salt Lake District Office
2370 South 2300 West

Salt Lake City, Utah 84119

Attention: Steve Brooks

Dear Mr. Zeller:

Subject: 3809 (U-027)
U27-86-08P
Request for Modification of Decision

Pursuant to your letter dated July 19, 1989, please find attached
the requested information pertaining to our evaluations and cost
estimates for constructing the Sunrise Dump. These documents
inlcude:

Attachment 1 - Sunrise Dump Cross Section

Attachment 2 - Options on Construction of Sunrise Dump

Attachment 3 - Surface Mining, Open Pit Mine Planning,
Moving the Earth, Bureau of Mines Informa-
tion Circular 1977, (Supporting Safety in
Down Grade Truck Haulage).

In response to the listed criteria of your July 19, 1989 letter,
please find below the discussion to each item:

Item 1: We feel that the configuration of the Sunrise Dump
design (Attachment 1) will be easily reclaimable by
providing hydroseeder access benches each 100 vertical
feet (200 slope feet). Additionally, this design
increases the stability of the dump by building the
lower dump section from the 7400 foot elevation using
the wrap around dump configuration, leaving an ultimate
50 foot bench at the 7400 foot elevation, and
completing the upper section from the 7500 foot
elevation, following the completion of the lower
section of the dump.

Ttem 2: Application of topsoil would be on final dozed dump

slopes of 2.0:1 which maximizes the tonnage of waste
applied to the dump and minimizes the surface area
disturbed in Wild Horse Canyon (see Item 3 below).

Item 3: This proposed dump design will reduce major earth
moving at the end of dump use, by approximately 150,000
tons dozed, comparad to our previous design, and by

© 550,000 tons dozed compared to the 2.5:1 slope design,

P.O. Box 838. Tooele, Utah 8107-1  Telephone (801) 268-1H17
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with the cost reduction of $25,500 savings and $110,950
savings respectively (see Attachment 2).

Item 4: 1In order to place the required tonnage on the
Sunrise Dump and reduce the dump to a 2.5:1 slope, it
would require the additional consumption of
approximatey 20 acres of currently undisturbed land.
We feel that land disturbance should be minimized
whenever practiceable.

In response to your comments of wrap around dumping and safety
concerns, we are proposing to use a wrap around dump method to
the 7400 foot elevation and free dumping from that elevation,
with plans to reduce the slope to a 2.0:1 upon completion. It is
our opinion that ramping down to an elevation lower than the 7400
foot elevation would be an unsafe practice, due to the excesive
negative grade of greater than ten percent required to access
lower elevation in the limited available area (see Attachment 3).

In reference to Singhal (E&MJ, June 1938) Waste Dump Reclamation,
that you enclosed with your July 19, 1989 letter, it states that
final dump slopes should not exceed angles greater than 279
(1.96:1). In response, we agree with this practice and are
proposing final slopes of 2.0:1.

We feel this information will provide for an environmentally
sound ultimate configuration of the Sunrise Dump, and would
appreciate your timely approval. Please note that the afore-
described reclamation and configuration is unique to the Sunrise
Dump, due to its location and public visibility, and is not
applicable to the balance of the waste rock dumps at the Mercur
Mine.

Barrick continues to welcome the Bureau's cooperation on this and
other issues relating to our Mercur operation. Please contact
Mr. Dave Beatty or myself should you have any additicnal
concerns.

Respectfully,

Glenn M. Eurick
Environmental Affairs Coordinator

GME :ms
cc: F. D. Wicks - L. Braxton (D.0.G.M.)
C. L. Landa J. Urbanik (Tooele County)
T. B. Faddies
M. P. Richardson
R. R. Sacrison
R. D. Collard
D. P. Beatty
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outlines to fit a convenient planning scale than to ob-
scure the planning by having it on multiple sheets of
paper that are difficult to relate to each other.

Finally, there is the question of how to depict the
bench locations on the mine plan. Personally, I have
‘ound the use of bench centerlines or midbench con-
-ours to be the simplest and most straightforward way
‘0 represent the shape of the mine. There is seldom the
necessity to depict toes and crests of each bench except
{or illustration to people who are unused to looking at
planning maps or for certain other specific purposes.
Usually. it is easy for people working with the maps to
get accustomed to visualizing the toe and crest loca-
tions, and the mine map draftsmen can easily develop
toe and crest lines for making field notes for lavout
work. The drawing in Fig. 3 illustrates a mining plan
composite map. It shows the bench centerline contours
at the end of a year, indicating the haul roads, stripping
area. and part of the waste dumps. Outside of the pit
area. the contours are labeled with their true elevations:
inside the pit. the elevations refer to the bench toe
elevations. and the bench centerlines are one-half the
bench height above the labeled elevation. In other
words, it is the flat areas between centerlines that are
labeled. On ramps. the bench centerlines cross the
ramp halfway between benches, and the labels are at
the actual bench elevation on the road. To those who
are accustomed to using toes or crests, this may at first
seem confusing, but in the long run, the ease of relating
these composite maps to the bench maps for measuring
and the simplicity of the picture offset any initial prob-
lem with labeling.

R o -

Roads

The planning of roads is one of the most important
aspects of open pit planning. Because of their effect on
everything to do with the pit, road considerations need
to be worked into the planning at as early a stage as
possible. Roads are difficult to include in some of the
computer pit generations. For this reason, they are
sometimes left out of the early economic evaluations.
Pits can be designed without consideration of roads but
it has been my experience that even after an economi-
cally optimum pit is designed, if roads are absent, the
changes required to bring the pit into a realistic mining
configuration are often drastic in terms of tonnage as
well as in the shape of the pit.

In"rail pits. which were common in the previous
generation. 2 great deal of attention was given o ihe
:ayout of raii hauiage. The fact thar raiiroad operations
are not as fexibie as truck operations forced this kind

AT
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less room with more force fitting of haulage than was
possible with railroads. As a result, road design is
sometimes neglected in long-range planning. Someone
has to come to grips with roads at some point, and the
long-range planner is really letting down on the job if
he leaves it to the mine superintendent and his staff.
He is reducing his own credibility and is forcing the
decision-making process into the short-range phase
where the decisions sometimes do not adequately reflect
the long-range needs. If haulage and access are pro-
vided for in the long-range planning, a lot of the other
problems take care of themselves; otherwise, haulage
and access changes may force operations to depart
from the long-range plans to the point where nobody
considers such planning worthwhile. The ultimate pit
design may change several times as new knowledge.
additional drilling, and changes in economics force
constant redesign. Nevertheless. the final road should
be shown because it does give an estimate of the ton-
nage necessary and prevents an uncomfortable awaken-
ing to the fact that the actual mining is going to be more
than initial forecasts called for.

The first thing in the layout of a new pit is to decide
where the road exit or exits from the pit will be. This
is dependent on the location of crusher or dump points
and is greatly influenced by topography. Considerable
thought should be given to selecting these exits. De-
pending on need, there may be one or more such exit
points.

In the intermediate stages, the roads should also be
thought out carefully. It is nice to develop the final
road layouts as early as possible, but many roads are
temporary, lasting for a period of a few months to a
few years, and then they are replaced by other roads
that serve new pushbacks or stages in the pit. Often it
seems attractive to try to design some kind of an ex-
ternal haul road that will not be disturbed by the min-
ing, but in many cases this is not practical because the
connections to such a road often cause more trouble
than just moving a road in the mining phases.

Mine superintendents understandably like to have
more than one way in and out of the pit in case some-
thing happens to a haul road. A slide or some other
dizruption or just the problems of operating a road
when there is mining above may cause traffic delavs.
Sometimes a second road is not feasibie if it requires a
lot of siripping. but the pit designer and long-rance
planner should always keep in mind a way to get the

~r2 out if there is an interruption in the main haulase




or a combination of both. Sometimes the geometry of
the deposit leaves little choice. for example. when there
is a gently sloping ore contact in some area that pro-
vides room to work in switchbacks at little stripping
cost. The planner must take advantage of these things
and always design the pit to fit the shape of the deposit.
Generally speaking. it is desirable to avoid switchbacks
because they tend to slow down traffic. cause greater
tire wear and various maintenance probiems. and are
probably more of a safety hazard than spiral roads.
However, if there is a low side to the pit. it may be
better to have some switchbacks on that side than to
accept a lot of stripping all the way to the top of the
high side to provide room for a road or series of roads
on that side. If switchbacks are necessarv. it is im-
portant to leave enough length at the switchbacks for a
flat area at the turns so that trucks don't have to operate
on extremely steep grades at the inside of curves and
so on. The planner should also think about the direc-
tion of traffic and some of the problems the drivers
may have with visibility on switchbacks.

One of the important considerations in laving out
the haul roads is width. There is a tendency either to
design roads somewhat narrow to save stripping or to
go the other way and design a great highway that may
be too costly. Naturally. wide roads are desirable but
we have to balance these against other factors. A com-
mon rule of thumb is that the design width should be
no less than four times the width of the haul trucks.
This allows for two-way haul truck traffic and room
for an outside berm and an inside ditch if necessary.
Large pits commonly have 25- to 30-m roads and there
may be stretches of haul road. such as where several
streams of traffic come together near a crusher. where
a greater width will be desirable. Fig. 4 shows a mini-
mum haul-road cross section for an actual truck.

Tuble 1 shows some typical haul-road widths as re-

ction Planning 205
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Table 1. Minimum Road Design Widths for
Various Size Rear Dump Trucks

Design width

Truck Approx 4
size * width, m  width, m m
35 ton 7 3.7 14.8 15 20
g5 ton 5.4 21.6 23 75
120 ton 5.9 23.6 25 85
170 ton 6.4 25.6 30 1C0

* Nominal size in short tons.
* Metric equivalents: 1 st<0.807 184 7=t: 1
fi:20.304 8=m.

lated to trucks. The design width will probably be
acjusted to a rounded standard figure for basic design.
subject of course to variations as at turns. switchbacks.
or high traffic density areas.

Some mines have two lanes in one direction over
part of the haul road. For example. they allow passing
for uphill loaded traffic and keep the downhiil empty
trafiic in a single lane. These things have to be worked
out in some detail by the designer after he knows
scmething about the shape of the pit. the equipment.
and the traffic density.

The second basic consideration is road grade. In a
pit where there is a considerable vertical component to
the haulage requirement, the grade will have to be fairiy
steep to reduce the length of the road and the extra
material necessary to provide the road length. How-
ever, the practical maximum is usually considered to
be 10S2. A number of pits operate quite weil at 105
both favorable and unfavorable to the loads. If it does
not cause too much extra stripping or unduly compli-
cate the road layout, 8% is probably preferable because
it gives a bit more latitude in building the road and
fiting in bench entries without having some locally

4
|
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Fig. 4. Tynical design
> /5'. >
s haul-rcad width for two-

' A way traffic using 77.11-¢
Y W1 (35-51) trucks.






are increased disproportionately on grades
over 6 per cent.

A down grade in the direction of haul
(favorable grade) is helpful to about 2 per
cent, but steeper grades may reduce pro-
duction about as much as an adverse grade.
Downhill speed must be limited for safety
reasons, and even empty trucks are slowed
by upgrades,

Favorable grades over 2 per cent and
adverse grades over § per cent call for spe-
cial retarding devices ip torque-converter
equipped trucks,

Grades may change considerably during
a stripping operation. The floor of the cut
moves downward, but jts edges move out-
ward and often upward. Dumps may stay
at the same level, but if space is restricted
they usually buijld upward.

Haul Routes. Two Way roads for heavy
hauling should pe from 4 to 414 times as
wide as the vehicles using them, That is,
highway trucks should have 32 to 36 feet
between gutters or banks, and 11 foot off
the road haulers from 44 t¢ 50 feet. Hauling
can be done on much narrower roads when
necessary, but liberal width pays whenever
large volumes must be moved. Even wider
roads are made for some mines.

A haul route that Crosses a public road
is subject to serious traffic delay. For ex-
ample, an automatic traffic light that is get
against pit traffic, but trips within ten sec-
onds when a truck reaches it, wi]] delay the
hauler as much as an extra 1,000 feet at 20
miles an hour. A fu]] Stop sign will cause
the same or greater delays, depending on
the density and speed of highway traffic.

A signal man at the intersection reduces
delays to a minimum if he is allowed to
favor the pit traffc.

Hillside Dump. The easjest way to dis-
Pose of stripping waste In trucks is to dump
it off a bank, that is high enough so that jt
8rows outward quite slowly. Height may be
anything from ten feet to several hundred,

Such a dump may be started by flatten-
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ing off a hilltop enough to 8ive tnye
to turn, or by cutting a
a slope and dumping from it.
Capacity can be figured in two w
nual or daily capacify
the length of the dumping face,
smaller extent on its height, Tota] ¢,
is the volume that can be dumped :

spilling beyond the boundaries It dey

on the area than cap be used,
and the slope of

the he

the ¢
material.

Blasted rock dumped off 5 bank

has an angle of repose of abouyt 1 on

likely to stay at jtg
nal slope indefinitely unjess the native’s

45 degrees, and is

beneath it moves outward.
Dumped soil tends

flatter angle, which will depend op tha

and shape of its particles. Wet sojf

and it is important that 00 drainage

other areas flow into the dump. Rain
on the turning area
the slope and spread
below it. This can be prevented by s
the surface up toward

viding another escape

beyond the toe of the

this may not matter, and brush and
check such objects naturally.,

log barriers may have to be buijlt to ot

vent rolling onto paths, roads, buildin
other property.

The slope of dumped fill is likely
between 27 and 35 degrees, with
material having the steeper slopes.
rough calculations, assume that it
be 1 on 2.

dumped or piled, the slope can be mes¥z:

ured for more accurate figuring of
and quantities,
Dump Operation, Trucks are b

square to the edge .and dumped. Methodt; Psoil is frequently the only mat:

of keeping them from backing over the

Pioneer Toag’

depends Chicﬂy

on the top may
mud over a large

the edge, keeping 33
berm or ridge of dirt at the edge, and :
for th. water,
Both rock and soi slopes uffer a hazard &
of rounded and oversize pieces rolling fs

fill. In empty country,

If the waste is already being

DUM

Sometimes the driver is ]us*i
"t)c: stop in the right spot and :i-
> jistance, with or without a .spdo.tt;t‘

- log may be place to both indic :
4 at and to protect the truc!
A }S:?r?g too far. The chief prob]e3r:
gl:t a log heavy enough tggtoi 1
A"’ns of loaded truck is difficu

1gb_g

st protection f.c
g'implleSStini?ldtob; foé)t ridge of dir
-,s“andoe by the grading dozcr.‘ If th
feg::y csoft a ridge may be built at

oe. :
"f'romactlhter:s}?se with standard sp’
‘.thetr:d of tail gates will dump the
V!p:reover a ridge at the edge, so t'};
wp does not occur at th.e top intéi
up from the bottom. Tail gate ccl)s ;
Sﬁlay not spill part of their loa

i
R

X 1!
s

1S

s .

ood practice to maintain an upw

ﬁfrom the truck entrance to the .duin(
gc One-half per cent is sufficien

pass fills, and one and one-half per ci

ost rapid toward the edges that <

built out. It is necessary to COIT.
treey’

g5, By 3
i at the back or thin edge of the set!
nd grading with a dozer to r.estl;)'ri
ease the original up slope, as in Fig
F13B. The dozer first pushes toward

to

: le
smooth and compact it, and to le

5 T windrow along the edge.
arext £34

N

odg a temporary pit. At other tir
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Any component faults detected by the operator during this type of inspec-
tion should be noted and reported immediately to the maintenance supervisor.
The final determination as to the severity of a detected fault, and whether
the equipment is or is not safe to operate, can best be determined by mainte-
nance personnel.

RUNAWAY-VEHICLE SAFETY PROVISIONS

The large size of haulage vehicles precludes use of conventional vehicle
arresting or impact attenuation devices to stop a runaway. In haulage opera-
tions with adverse grades, retarder failure has resulted in loss of life and
substantial property damage. Some safety provisions should be incorporated
into haulage road design to guard against the consequences of runaway vehicles.

The primary design consideration for runaway vehicle protection is the
required spacing between protective provisions. If a runaway situation should
occur, the driver must encounter a safety provision before his truck is travel-
ing too fast to maneuver. The top speed at which the driver can maintain con-
trol (steering) of a particular vehicle is designated "maximum permissible
vehicle speed." A single velocity could have been identified as the recom-
mended maximum for all safety-provision entrances. However, the ultimate
speed at which a driver can still maintain steerability and guidance of his
vehicle varies according to manufacturer's design, road condition, and opera-
tor's experience. The speed to accept as a guiding criterion for the spacing
of runaway protective devices can best be determined through a cooperative
effort between the operators and management at each mine site. .

On tables 13 and 14, distances between runaway-truck safety provisions
are given for various road grades and maximum permissible velocities or
terminal vehicle velocities. They apply to any type of runaway-protection
device, and delineate the distance in feet required between safety-measure
entrances for a truck to avoid exceeding the maximum permissible vehicle speed.

The tables illustrate differences in spacing requirements as they are
affected by initial downgrade speed at the time total brake system failure
occurs. Initial truck speed at loss of braking and retardation was assumed to
be 20 mph for table 13 and 10 mph for table 14. Although operating speeds may
vary considerably depending on policies at each mine, 10- and 20-mph initial
velocities constitute a sufficient range for the grades given.



TABLE 13,

- Distance between runaway truck safety provisions,

o

feet

(Initial speed at brake failure is

20 mph)
Equivalent downgrade, Maximum permissible vehicle speed or terminal speed
percent at_entrance to safety provision, mph
25 30 35 40 45 50 oD 60
Lowewsnn asiasoensdoonis 752 | 1,671 2,757 | 4,010 5,431 7,018 | 8,772 10,694
. R A . 251 337 919}.1,337 ¥1,811}.2:340 2,924 | 3,565
D% s vk bl o s ks 151 335 552 802 | 1,086 1,404 | 1,755 24139
SR S PR 108 239 394 573 776] 1,003 | 1,254 | 1,528
B oiniw bigion-aid s v ¢ 28 teeee 84 186 307 446 604 780 975| 1,189
Lo icosgs vngui®u vd gii i . 69 152 251 365 494 638 798 973
B e O A ee.of 58 129 212 309 418 540 675 823
B oo s wnis 6k s o 51 112 184 268 362 468 585 L
NOT

E.--Equal to haulage road downgrade (percent divide
rolling resistance (pounds per ton).

TABLE 14,

- Distance between runawavy truck safetvy provisions,

d by 100) minus roadway

feet

(Initial speed at brake failure is

10 mph)

Equivalent downgrade, Maximum permissible vehicle speed or terminal speed
percent at _entrance to safetvy provision, mph
15 20 25 30 35 40 45 50

RS e % 56 vm s P o n e . 418 | 1,003 [ 1,755 2,674 | 3,760 5,013 ] 6,433 8,021
- T LA 3 140 335 585 892 1,254 | 1,671 2,145 2,674
T T 84 201 351 535 752 (1,003 1,287 ] 1,604

P sk el s w8 o R i e 60 144 251 382 537 716 9191 1,146

. SERTR . S ¥ e 3 47 112 195 297 418 557 715 892
11. Foo i ks 05 e . 38 92 160 243 342 456 585 730
13ueivennmonsnson R — 33 78 135 206 290 386 495 617
L T 28 67 117 179 251 335 429 535
NOTE.--Equal to haulage road downgrade

rolling resistance (pounds per ton).

Computation of values was accomplished

- AvE
2g (sing

-b)’

where

distance traveled until

maximum permis
entrance to runaway truc

k safety provi

1]

AV difference in velocity between travel s

and retardation and the speed of trave
feet per second;

32:2 fpa*;

angle of descent, degrees;

and

of 0.05 to encompass the ma jori
ations), dimensionless.

(percent divided by 100)

through the forﬁula

coefficient of rolling resistance (expressed as a m

ty of mine road and tire situ-

minus roadway

sible vehicle speed" or
sion is reached, feet;

peed at loss of braking
1 at safety provision,

ean value
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The following sections discuss two types of runaway vehicle safety provi-
sions. Their spacing should be established in conformance with the recommenda-
tions set forth in the preceding discussion.

Runaway-Vehicle Collision Berms

As research into berms and runaway truck protection progressed within
this project, an innovative design from Australia was investigated and found
to have considerable merit. Utilizing an intermittent triangular berm con-
structed in the middle of a haulage road, Australian mining companies have
been able to almost eliminate problems with runaway vehicles.

These runaway-vehicle collision berms are constructed of nonconsoli-
dated screened fines and placed at crucial points within the haulage operation.
If the brakes and retarder of a vehicle fail during operation, the driver
alines the vehicle so that it straddles the collision berms, and rides the
vehicle to a stop. This type of median design is actually a simplified form
of vehicle-arresting device. The most critical design aspects of this type of
berm are the spacing between the berm sections and the height of the berm in
relation to the undercarriage of the vehicle. The spacing between berms must
be sufficient to allow a runaway vehicle to aline itself with the berm before
impact. If properly alined, the vehicle will shear off that portion of the
berm above the undercarriage, expending energy through momentum transfer,
rolling resistance, and frictional action until stopped. If improperly alined,
the vehicle could overturn. Accordingly, adequate space between berms must be
maintained to allow the driver time to position his vehicle with respect to
the berm.

Typical sections of these berms with sizing and spacing criteria are
shown in figures 26 and 27.

A table is provided with figure 26 to show approximate sizing for various
tonnage vehicles. Ranges are given rather than specific dimensions since each
berm design must be governed by the height of undercarriage and wheel track of
the vehicle for which the berm is designed. Where vehicles of different sizes
are operating concurrently on a haulage road, the berm should be sized primar-
ily according to the wheel track of the larger vehicle, since smaller vehicles
will be stopped on the "entrance ramp" to the berm. The simplicity and
economic attractiveness of this design lends itself well to practically any
haulage operation. For haulage roads with less severe grades and associated
fewer problems with runaway vehicles, collision berms may be located in criti-
cal areas only.

A prerequisite to the use of berms is the ability to economically build a
road of sufficient width to accommodate them. Another factor is the necessity
of using screened fines in the construction. Depending upon the type of
operation, a mobile crusher could be used to facilitate the construction and
maintenance of the berm. .
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Median berms are most effective at reduced vehicle velocities. The
drivers of haulage vehicles must be instructed in the proper use of the median
berm and taught to rely upon it as a first-line emergency maneuver and before
the vehicle has accelerated beyond a reasonable speed.

At one mine site in Australia with extremely-severe grades (8% to 12%),
these median collision berms have been in use for 3 years. Within that time,
runaways have occurred on an average of once every 2 to 3 months. In all
cases except one, the vehicles were safely stopped with usually only minor dam
age to the undercarriage. In the one incident where the vehicle was not
stopped, the berm slowed the truck to the point where the driver could safely
steer into the cut side of the bench.

Prior to incorporating this device in temperate climate areas, careful
consideration must be given to required maintenance. The majority of surface-
mining States experience freeze conditions during winter months. If collision
berms are not protected from solidification in these periods, a vehicle could
be severely damaged in an encounter. If climate at the mine site has this
potential, collision berms must be constantly checked, and where freezing
occurs, the berms must be agitated to achieve their former unconsolidation.

In cases where freezing and/or excessive rainfall is a constant problem, a
protective covering of material such as polyethylene or an alternate safety
provision is recommended, ;

Escape Lanes

Escape lanes for control of runaway vehicles have been used extensively
on mountain highways in the United States.  Relatively simple in design-and
successful in application, escape lanes are relied upon by highway designers
for use on long, sustained grades.

Escape lanes have good potential for intercepting and stopping runaway
haulage vehicles. However, they may be expensive to construct and maintain,
depending on site conditions. Costs incurred in construction are primarily
attributed to bench excavation and roadbed preparation.

Emergency escape lanes have three basic areas of design and construction:
entrance areas, deceleration areas, and stopping areas. Each of these will be
discussed separately.

Entrance

The entrance from the main haulageway is perhaps the most important
design and construction consideration of an escape lane. Entrance areas must
be spaced according to maximum permissible vehicle speed and percent grade of
the main haulage road. Included within the entrance area are vertical curve
transitions, horizontal curve development (including superelevations), and
lane development. Care must be taken that any horizont&dl curve can be nego-
tiated by the runaway vehicle, Table 15 lists maximum horizontal curves as
related to vehicle entrance speeds and superelevations. Superelevations less
than 0.06 fpf or greater than 0.10 fpf are not recommended due to difficulties
with curve development and drainage.
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TABLE 15. - Maximum permissible horizontal curves
for escape lane entrance
Superelevation, Vehicle speed at escape lane entrance, mph
feet 40 45 50
Degrees| Radius, ft| Degrees Radius, ft |Degrees Radius, ft
BB/ L s s wien nuiits 12 477 10 596 8 716
(016 < . 7 5 CRE S simadice 13 441 10 578 8 716
s/ Lo s ol bwmminn 14 409 11 235 9 637
55 - 60 65
Degrees| Radius, ft| Decrees Radius, ft |Degrees|Radius., ft
195 (17 8 R 6 930 5 1,146 4 1,432
0.08/1..ccvu..... 2 7 835 6 955 5 1,146
0.10/1.uueinunnn. & 7 796 6 935 5 1,146

Another important element of proper entrance design is lane width. The
lane must be wide enough to accommodate the vehicle but not so wide as to
require excessive construction effort. Recommended minimum lane widths for

escape lanes are presented in table 16 for various vehicle categories,

TABLE 16. - Recommended escape lane widths

Vehicle weight, pounds Minimum width, feet
<100,000...c0viuinennnnnnn.. 15
100,000 to 200,000......... 18
>200,000 to 400,000........ 22
>400,000. .0 eunnnn... & size_ worualis 29

Deceleration

The major contribution of an escape lane to deceleration of a runaway
vehicle is that of reverse grade. The greater the reverse grade of an escépe-
way, the less length required. Table 17 relates eéscapeway lengths to vehicle
entrance velocities and percent grade of the escape lane. The formula used in
computing escapeway length is

2
N 2g (sin &

rray )

where S = required length of escape lane for deceleration from entrance

speed to a full stop, feet;

V = entrance speed from tables 13 and 14, fps;

g = 32.2 fps3;

b = coefficient of rolling resistance, dimensionless;
and ¢ = angle of ascent, degrees.
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m

It is important to note that a coefficient of rolling resistz=== of 0.2 or 40Qg
ppt (pounds per ton) was used to compute the distances. This ==zlue is the
resistance offered by an unconsolidated surface material sucz =5 sand or loose
earth. Escape lanes should not be a continuation of the maiz ==ulage road,

and all normal road maintenance should cease at the end of t== =ntrance area.

Escape lanes are most functional when rolling resistance is ZZz=. Poorly com-

pacted, deep, loose, granular materials are best suited for —=zZbed use in |
deceleration areas since these materials tend to retard vehicZz movement. It

should also be noted that distances given in table 17 are tc == applied from

the end of the entrance area; that is, at the end of the horZz:atal and ver-
tical curves. Also, surface material characteristic of that -===d on the main
haulage road should be employed to the end of these curves.

()

TABLE 17. - Length of escape lane, feet

Grade of escape lane, | Vehicle speed at entrazcs=
percent to escape lane, mph
15125 35| 45| 5=
205 327w PRI PR 19 | 53| 103 | 170 | 25
155 e sabiliars siom anid- v i i o 22 |60 | 117 | 194 | 285
100 .o iiiin.. . sa 25 | 70 | 137 | 225 | 337
Stk oie s a0k 5508 506 W% . 30 |84 | 164 | 271 | 4GC=
NOTE. --Assumes coefficient of rolling resistazcs=

is 400 ppt or 0.2.

In this manner, a safe transition from hard to loose surZzze can be
achieved. '

Stopping
After a vehicle has been slowed through the deceleratio= zrade and high-
rolling-resistance roadbed, it becomes necessary to stop the =zzicle and pre-
vent its coasting back down the escape lane. Approximately czr-ze-quarters of
the way up the escape lane, provisions for stopping the vehicZz should begin.

Stopping or arresting techniques include the following:
1. A level section of roadway at the end of the escape _z=e.

2., Median Berm.--A median berm, constructed on the escezz lane, is one
of the most efficient means for vehicle arrest. Using the szzz basis for
design as that presented in the previous section, median ber=:z zre well suited
for use in conjunction with escape lanes.

3. Sand or Gravel or Mud Pits.--After a vehicle has beez clowed down on
the escape lane, a deep sand, gravel, or mud fitted pit will zzuse the wheels
to become stuck, thus prohibiting further movement until assizzzd by another
vehicle. This concept is very effective if properly maintairzZ

-
=

4. Road Bumps.--Road bumps, whether constructed by excevating trenches
or establishing mounds across the lane, retard vehicle movemzn: by trapping
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in "designed ruts." Mounds or bumps must be thoroughly compacted to insure
integrity under the weight of a truck.

5. Manual Steering.--If it is ngt practical or possible to do any of the
foregoing, or if the runaway does not reach the "stopping area,'" when the truck
comes to rest the driver should be trained to either engage the transmission
in a "park" position, or set an émergency brake (if usable), or engage the

transmission in the lowest possible gear and turn the wheels away from the
escape lane berm.

Figures 28-30 depict typical plan, profile, and section views of an
emergency escape lane,

Upgrade —=——

HAULAGE ROAD

—Downgrade

Partially Cleared
Pulloff Area

FIGURE 28. - Plan of haulage road escape lane.

l‘Enfronce Area | Deceleration Area |
Grade Transition B D 7
O/o

Stopping

FIGURE 29. - Profile of haulage road escape lane,
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Ltgscape Lane |

Berm

77777771

High-Rolling-
Resistance
Materials

'HGUMQe Road'

FIGURE 30: - Cross section of haulage road escape lane.

CONCLUSIONS

Surface mining, regardless of mineral commodity being sought through its
inception, is a highly competitive business and, like any other business, a
beneficial cost-to-profit ratio must be maintained. It is important to insure
that cost efficiency does not impinge upon.the intangible aspects of mining
such as operator safety and proper equipment utilization. From the sites
selected as being representative of typical mining operations, it became
apparent that in many instances haulage road construction is not considerate
of operator safety; not as a result of disregard, but rather a lack of aware-
ness of correct design principles. The most obvious disparity between exist-
ing haulage road construction practices and criteria recommended for safety
lies in the areas of alinement and drainage.

Sustained haulage road gradients at many eastern surface mines exceed the
10% maximum stipulated for safety in the Haulage Road Design Study. In most
cases, the rationale for constructing a greater gradient is obvious--to keep
haulage distances as short as possible through steep mountainous terrain.
Superelevation on curves, tangent roadway cross slopes, and vertical curves at
grade crests are other design factors seldom applied.

In general, application of adequate roadway drainage provisions are also
lacking. Severely scoured and rutted road surfaces, roadside ditches eroded
to excessive depths, water-filled depressions in the roadway, and unstable or

slippery road segments are common sights throughout the eastern surface-mining
region.

As illustrated by table 18, costs associated with haulage road construc-
tion to remedy safety hazards such as those mentioned can be considerable, At
the surface coal mine sites, for example, construction expenditures exceed
$200,000. It must be noted, however, that the haulage roads of each of the

-
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